Objective: This study compared functional abilities in individuals with Parkinson's disease (PD) with normal cognition (PD-CN) and mild cognitive impairment (PD-MCI) using multiple assessment methods. Cognitive and physical correlates were also examined. Method: Participants were 42 nondemented individuals with PD (24 PD-CN, 18 PD-MCI) and 42 age-matched healthy controls. Functional abilities were assessed through direct observation and self-and informant-report questionnaires. Participants were administered an activity-based memory paradigm that assessed prospective, content, and temporal order memory as well as a test of mobility. Results: Compared to the PD-CN and healthy control groups, participants with PD-MCI performed significantly worse on directly observed everyday activities, selfand informant-reports of instrumental activities of daily living (IADLs), and self-report of everyday activities requiring physical capacity. No significant differences were observed between PD-CN and healthy controls. Among participants with PD, content memory correlated with all of the functional outcome measures, temporal order memory correlated with self-reported IADLs, and physical mobility correlated with self-reported physical capacity and content memory. Conclusions: The results indicated that PD-MCI is associated with decreased ability to perform everyday activities. Reduced ability to correctly recall and sequence activities may contribute to lower functional abilities on IADLs, whereas noncognitive factors (i.e., mobility) may become more salient when the everyday task requires physical capacity.
Parkinson's disease (PD) is a neurological condition characterized by motor dysfunction (e.g., resting tremor, bradykinesia, rigidity, areflexia), and involves nonmotor symptoms including cognitive and neurobehavioral abnormalities (Jankovic, 2008) . It is estimated that approximately 20 -30% of early or newly diagnosed individuals with PD experience mild cognitive impairment Pedersen, Larsen, Tysnes, & Alves, 2017) . Mild cognitive impairment in PD (PD-MCI) has been an area of interest as it typically marks an intermediary stage between disease onset and incident dementia Goldman et al., 2013) . As the disease progresses, both cognitive and motor symptoms associated with PD are likely to differentially impact capacity to perform normal daily activities. However, the differential contribution of physical and cognitive symptoms to disability in PD has not been clearly elucidated. Studies have shown variable associations of cognitive and physical ability with functional limitations in PD (Cahn et al., 1998; Hariz & Forsgren, 2011; LiepeltScarfone et al., 2013; Rasovska & Rektorova, 2011) . Characterizing clinical correlates of functional impairment in nondemented individuals with PD may improve our understanding of the etiology of functional limitations in PD and help improve early identification and intervention.
The capacity to perform complex IADLs, such as managing finances and medications, is one of the core criteria that differentiates mild neurocognitive impairment from dementia (American Psychiatric Association, 2013, p. 75) . Accurately identifying functional limitations is important for assessing ability to safely live independently and for understanding the trajectory of disease processes. Several proxy methods for assessing functional status have been developed. Self-report questionnaires are often used because they are inexpensive and easy to administer. Another potential advantage of using questionnaires is that they can be used to assess change over time (e.g., "compared to 1 year ago . . .") at a single assessment, without the need for multiple testing sessions. The disadvantage to self-report questionnaires is that they are subjective and may rely on the individual's level of insight into the difficulties they are experiencing (Farias, Mungas, & Jagust, 2005) . Self-report questionnaires also require ability to correctly read, understand, and interpret each question, which could potentially be problematic for individuals experiencing cognitive impairment. Informant-report questionnaires have similar advantages and subjective biases as self-report (Bressan, Vale, & Speciali, 2007; Dassel & Schmitt, 2008) , but tend to show a stronger association with objective measures of neurodegenerative processes and therefore may more accurately characterize the extent of functional limitations when cognitive impairment is present (Benge & Balsis, 2016; Farias et al., 2005; Howland et al., 2017; Rueda et al., 2015) .
Performance-based measures have been developed to more objectively assess functional abilities. These tasks are designed to evaluate an individual's capacity to complete specific aspects of daily living (Marcotte, Scott, Kamat, & Heaton, 2010) , such as to manage medications or finances. However, performance-based tasks are usually highly structured and typically performed in a laboratory environment, which may not fully reflect real-world functioning (Loewenstein et al., 2001; Zanetti, Geroldi, Frisoni, Bianchetti, & Trabucchi, 1999) . Direct observation measures of activities of daily living have been developed to provide a more ecologically valid assessment of everyday functioning (e.g., Schmitter-Edgecombe & Parsey, 2014a; Schmitter-Edgecombe, McAlister, & Weakley, 2012) . Directly observing an individual performing activities in their own home or a naturalistic environment is considered to be particularly useful because they do not rely on the individual's capacity to accurately recall their ability level and allow for more flexibility in completing tasks.
Studies have shown that individuals with PD exhibit stepwise functional decrements as the severity of cognitive impairment increases (Leroi, McDonald, Pantula, & Harbishettar, 2012; Pirogovsky et al., 2013 Pirogovsky et al., , 2014 . One of the first studies to examine disability in PD-MCI found that PD-MCI participants demonstrated greater disability on a global rating of activities of daily living, compared to cognitively normal PD participants (Leroi et al., 2012) . Although this study expanded the understanding of functional limitations in PD-MCI, the measure used to assess functional abilities (i.e., Schwab and England ADL scale) relied more on physical capability than more complex IADLs. A study by Pirogovsky and colleagues (2013) found that, compared to normal controls, nondemented participants with PD scored significantly lower on a performance-based financial management task, but not on a measure of medication management. Interestingly, neither medication management nor financial management correlated with global cognitive functioning or motor symptom severity, suggesting that other factors may be contributing to functional loss. One of the few studies to examine the association between cognitive and functional abilities in PD-MCI using a comprehensive neuropsychological battery found that, although participants with PD-MCI performed poorer on financial and medication management tasks compared to healthy older adults, none of the 18 cognitive measures correlated with the performance-based tasks in the PD-MCI group (Pirogovsky et al., 2014) . Together, these studies highlight a need to further explore factors contributing to functional decline in the context of PD.
Evidence suggests that multiple memory processes may differentially contribute to supporting IADLs (Schmitter-Edgecombe, Woo, & Greeley, 2009 ). Prospective memory, or the ability to remember to carry out future intentions, is essential to successfully perform daily activities ranging from medication adherence (e.g., remembering to take medication) to financial management (e.g., remembering to pay bills on time) and safety (e.g., remembering to turn the stove off). Prospective memory failures can also be less severe such as forgetting to put an ingredient in a recipe or turn off a light. Prospective memory deficits have been consistently reported in PD without dementia and may be attributable to associated frontal system dysfunction (Costa, Peppe, Caltagirone, & Carlesimo, 2008 , 2013 Foster, McDaniel, Repovš, & Hershey, 2009; Ramanan & Kumar, 2013) . There is also evidence of poorer temporal order memory (e.g., sequence of events or activities) and content memory (e.g., the actual event or activity) performances in nondemented PD compared to healthy controls (DeFord et al., 2016; McAlister & Schmitter-Edgecombe, 2016) . Temporal ordering, or the ability to plan and execute a sequence of steps, is important for performing daily activities. Temporal order memory has been shown to be a unique predictor of informant-reported IADLs, such as food preparation, medication management, and household activities among older adults (Schmitter-Edgecombe et al., 2009) . Given the inconsistent association between IADL limitations and cognitive deficits observed on traditional neuropsychological tests among individuals with PD (e.g., Pirogovsky et al., 2014) , more research is needed to identify other cognitive mechanisms underlying functional decline.
The current study was designed to expand on prior research investigating functional abilities in PD-MCI by using multiple methods of assessing IADLs. The first aim was to examine selfreported, informant-reported, and directly observed IADL performances in individuals with PD-MCI, PD with normal cognition (PD-CN), and healthy older adults. Multiple methods of assessing IADLs were used based on previous research that has shown these measures correlate with different cognitive abilities and do not evaluate entirely overlapping constructs (Schmitter-Edgecombe & Parsey, 2014b) . Given the motor dysfunction associated with PD, we also examined activities of daily living highly dependent upon physical capacity (e.g., climbing one flight of stairs). The second study aim was to examine multiple memory processes that may relate to functional impairment in PD. Previous studies have shown that compared to healthy controls, nondemented PD participants perform more poorly on a financial management task, and self-report lower medication self-efficacy and ability to complete IADLs (Hariz & Forsgren, 2011; Leroi et al., 2012; Pirogovsky et al., 2013) . However, when PD samples are separated based on cognitive status (i.e., PD-CN vs. PD-MCI), PD-CN participants and healthy controls do not differ on performance-based measures of financial or medication management (Pirogovsky et al., 2014) . Therefore, we propose that functional limitations observed in nondemented PD may be driven by participants with PD-MCI, and we hypothesized that PD-MCI participants would score lower on all IADL measures compared to PD-CN and healthy older adults. Based on finding from previous research with healthy older adults and individuals with MCI (Beaver & Schmitter-Edgecombe, 2017; Schmitter-Edgecombe et al., 2009) , we hypothesized that prospecThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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tive memory, content memory, and temporal order memory would be significantly associated with functional abilities in PD. Additionally, we hypothesized that objectively measured mobility would be associated with activities of daily living highly dependent upon physical capability in PD.
Method Participants
This research included participants from a larger study designed to develop ecologically valid assessments of IADLs using realworld environments and smart technologies. Cross-sectional data collected from 2013 to 2017 was used for the current study. The local Institutional Review Board approved this research protocol and all participants provided informed consent. Participants were recruited from the community through advertisements, health fairs, physician referrals, and participation in previous studies in our lab. PD participants were recruited from the community using the same methods as for the controls and nonconsecutive referrals from a neurology clinic. To establish eligibility for study inclusion, participants were screened over the phone to obtain medical information. The phone screening also included the Telephone Interview of Cognitive Status (TICS; Brandt & Folstein, 2003) . The TICS was used to gauge the likelihood that a participant would be unable to complete the full assessment. Only one participant scored below 20 on the TICS. This participant was still tested, but met criteria for dementia, so they were excluded from the current study. Individuals were excluded from the larger study if they were less than 50 years old, unable to provide informed consent, or nonfluent in English. A total of 175 participants from the larger study were further classified as healthy adult controls if they did not have a history of neurological disorder, head injury with residual deficit, stroke, mild cognitive impairment, or dementia. For the current investigation, healthy controls were excluded if they were missing data relevant to the current study hypotheses. In addition, 47 participants with PD participated in the larger study. PD participants were excluded from the current study if they met criteria for dementia (n ϭ 2) or were unable to complete functional measures due to fatigue (n ϭ 3). Using the fuzzy case-control matching algorithm in SPSS, 42 healthy controls were randomly selected from the larger sample of controls and matched on age to the 42 participants with PD who met current study inclusion criteria. PD participants were diagnosed by a board-certified neurologist specializing in movement disorders using United Kingdom Parkinson's disease Brain Bank criteria (Hughes, Daniel, Kilford, & Lees, 1992) . PD participants were taking their normally prescribed anti-Parkinson's dopaminergic medications at the time of testing. PD-MCI was determined using the Movement Disorder Society (MDS) Level 2 criteria for diagnosing cognitive impairment (Litvan et al., 2012) . Specifically, (a) self-reported, informant-reported, or clinician-observed cognitive decline in the context of PD; (b) cognitive deficits not significant enough to interfere with functional independence; (c) assessment with at least two neuropsychological tests in each of the five domains (i.e., attention, executive function, language, memory, and visuospatial) and subsequent impairment on at least two neuropsychological tests; either two tests in one cognitive domain or one impaired test in two cognitive domains. For the current study, impairment was defined as 1.5 standard deviations below norms (T score Ͻ35 or scaled score Ͻ6) or from an estimated premorbid level of functioning derived using the Wechsler Test of Adult Reading (WTAR; Wechsler, 2001) . Three PD-MCI participants had fewer than two impaired tests scores using normative cut-offs, but were classified as PD-MCI based on expected levels of performance using the WTAR. Two participants (one PD-CN, one PD-MCI) were missing data on date of PD diagnosis. See Table 1 for participant characteristics.
Neuropsychological Assessment
Standardized neuropsychological tests were used to assess the domains of attention/working memory, executive function, language, memory, and visuospatial abilities. Standard scores and normative data sources are presented in Table 2 .
Activity memory paradigm (Schmitter-Edgecombe et al., 2009). The activity-based memory paradigm measures content memory, prospective memory, and temporal order memory. Before beginning a series of 10 neuropsychological tests, participants were informed that they would be asked to remember to do Table 1 Participant Characteristics (Cella et al., 2010) questionnaire was used to assess depressive symptoms. PROMIS items were summed and total raw scores were converted into normally distributed T-scores. a Significantly different than controls. b Significantly different than PD-CN. For PD duration, n ϭ 40. This document is copyrighted by the American Psychological Association or one of its allied publishers.
something in the future without being reminded. They were told that they would need to remember to give their friend a pain medication over the course of the next hour. After each neuropsychological test was completed, the participant rated the subjective difficulty of the task on a scale ranging from 1 (very easy) to 5 (very difficult). Completing the task rating was the participant's cue to ask for the pill bottle. The examiner recorded whether the participant remembered to ask for the pill bottle after each task. Participants who did not ask for the pill bottle after the final task rating were queried to determine if they recalled the prospective memory task instructions. If after being queried the participant did not recall the task instructions their data was not analyzed, as this was considered to be a content memory rather than a prospective memory failure. Three participants (2 PD-MCI, 1 control) did not correctly recall the prospective memory task when queried, so their data for this task was excluded from analyses. The total number of times the participant correctly asked for the pill bottle was used as the prospective memory score (maximum ϭ 10). After completing all 10 cognitive tests, participants were asked to free recall the tests they completed and were instructed to provide enough detail about each test so that the examiner could identify the test being described. The total number of tests correctly recalled was used as the content memory score (maximum ϭ 10). Following the free recall, participants were presented with 10 cards with descriptions of each of the tests they completed and were instructed to put the cards in the order they completed the 10 tasks. The temporal order score was calculated by summing the absolute difference between the order of each card arranged by the participant and the actual order of the test administered (Mangels, 1997) . Previous research has found an association between measures in this activity memory paradigm and everyday functioning in healthy older adults and MCI (Beaver & Schmitter-Edgecombe, 2017; Schmitter-Edgecombe et al., 2009 ).
Mobility Assessment: Timed Up and Go Test (TUG; Podsiadlo & Richardson, 1991).
Participants are instructed to stand up from a seated position, walk to the end of a 10-foot tape measure, turn around, walk back to the chair and sit down. The score is the total time to complete the task. The TUG has been shown to be a reliable and valid measure of physical mobility in PD (Verheyden et al., 2014) .
Functional Assessment
Six Activities Task. The Six Activities Task is a modified version of a series of tasks found to be sensitive to mild cognitive impairment and dementia (Schmitter-Edgecombe & Parsey, 2014a , 2014b . The Six Activities Task has also been shown to correlate with memory, executive functions, and mobility among middle-aged and older adults (Fellows & Schmitter-Edgecombe, 2018) . For the Six Activities Task, participants are instructed to complete six activities of daily living in a campus smart apartment. The tasks included: (a) sweeping and dusting; (b) washing hands; (c) filling a medication This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
dispenser; (d) watering house plants in the apartment; (e) washing kitchen countertops, and (f) preparing a cup of soup and pouring a glass of water. For each of the six activities the following errors types are coded: omission errors (task steps not completed), substitution errors (alternate objects or locations for action substituted), inefficient actions (corrected omission or substitution errors, searching, related but not needed task-related behaviors, perseverations), and irrelevant actions (nontask-related behaviors, wandering). Scores for each of the six activities range from 1 (task completed without any errors) to 5 (task incomplete, coded when task step omissions occur and less than two thirds of the task is complete). Scores from each of the six activities are summed to create a Six Activities Task total score (range 6 -30). Higher scores indicate poorer performance. For additional details regarding the administration and scoring of the Six Activities Task, see Fellows and Schmitter-Edgecombe (2018) .
Instrumental Activities of Daily Living-Compensation scale (IADL-C; Schmitter-Edgecombe, Parsey, & Lamb, 2014).
The IADL-C is a 27-item questionnaire assessing functional ability and compensatory strategy use. Functional abilities are divided into four domains (money and self-management, home and daily living skills, traveling and event memory, social skills). Items are rated on a scale ranging from 1 (Independent; as well as ever) to 8 (Not able to complete the activity anymore). Additionally, the IADL-C includes a rating of 9, which indicates that this activity is always completed by someone else and is not indicative of decline (e.g., someone else always prepares meals). The total score is the sum of all items (except ratings of 9, which are replaced with the mean score), with higher scores reflecting poorer everyday functioning. Both self-and informant-report versions of the IADL-C were used for the current study. The IADL-C has shown good internal consistency, test-retest reliability, as well as convergent and discriminant validity (Schmitter-Edgecombe et al., 2014) .
Patient Reported Outcome Measurement Information System (PROMIS)-Physical Function 10a (Cella et al., 2010).
This 10-item self-report questionnaire assesses ability to complete activities of daily living that require physical capacity (e.g., "are you able to do chores such as vacuuming or yard work?") and the extent to which current health status interferes with daily functioning (e.g., "does your health now limit you in lifting or carrying groceries?"). Items are rated on a scale ranging from 1 to 5 and summed to create a raw total score. Raw scores were converted to standardized T scores with higher scores representing better physical functioning (http://www.assessmentcenter.net/Manuals.aspx).
Statistical Analyses
Participant characteristics and neuropsychological test scores were compared with one-way analyses of variance (ANOVAs) for continuous variables and chi-square tests for dichotomous variables. Data that were not normally distributed or violated assumptions of homoscedasticity according to results from Levene's test were analyzed using nonparametric Kruskal-Wallis tests to compare groups (controls, PD-CN, PD-MCI), including directly observed IADL performance (i.e., Six Activities Task Total Score), self-and informant-reported IADLs, and self-reported physical function. Post hoc comparisons for significant omnibus tests were followed up with Mann-Whitney tests. Effect sizes were calculated using z-scores from the Mann-Whitney tests (r ϭ Z ͙N ). Due to non-normally distributed outcome measures, Spearman rho correlations were used to examine the association of memory variables (i.e., prospective memory, content memory, temporal order memory) and mobility (i.e., TUG) with functional outcomes in the healthy control group and participants with PD. PD-MCI and PD-CN groups were combined to increase power for the correlational analyses and to evaluate the association between cognitive and functional variables across the continuum of functioning in PD. A p value of .05 was considered significant for between-group comparisons. Given the number of planned correlational analyses, a more conservative level of significance was set for these tests (i.e., p Ͻ .01).
Results

Group Characteristics
Participant demographic characteristics are presented in Table 1 . Of the 42 participants with PD, 24 were classified as cognitively normal (PD-CN) and 18 met MDS criteria for PD-MCI. Participants were mostly non-Hispanic White (98%). There was a higher proportion of men in the PD-MCI group (77.8%) compared to the PD-CN (37.5%) and healthy control (31.0%) groups. Results from one-way ANOVAs revealed that the three groups (controls, PD-CN, and PD-MCI) did not differ in age, years of education, or depressive symptoms (ps Ͼ .05). Compared to controls and PD-CN, the PD-MCI group had a lower TICS score and estimated premorbid IQ (ps Ͻ .05). The PD-MCI group had a longer mean PD duration, compared to PD-CN (p ϭ .010).
Neuropsychological tests used in the MCI diagnosis, experimental memory measures, and TUG scores are presented in Table 2 . PD-MCI participants performed significantly poorer than the healthy controls on all neuropsychological measures, and significantly poorer than the PD-CN on all measures with the exception of Digit Span Forward and Facial Recognition. Compared to controls, PD-CN had lower scores on the two language measures and delayed prose recall (ps Ͻ .05), but not any of the other tests (ps Ͼ .05). On the activity memory paradigm measures and the TUG test, the PD-MCI group demonstrated lower performance on the content memory, temporal order memory, and TUG tasks compared to both the PD-CN and control groups (ps Ͻ .05). No significant between-group difference was observed for prospective memory task performance.
Between Group Comparisons on Functional Outcomes
Six Activities Task total score. As seen in Table 3 , there was a significant difference between groups on the Six Activities Task score, H(2) ϭ 8.42, p ϭ .015. Post hoc analyses showed that PD-MCI participants performed significantly worse compared to healthy controls (U ϭ 210, z ϭ Ϫ2.74, p ϭ .006, r ϭ .35) and PD-CN (U ϭ 121.5, z ϭ Ϫ2.42, p ϭ .016, r ϭ .37). No significant difference in performance on the Six Activities Task was observed between healthy controls and PD-CN (U ϭ 475, p ϭ .696).
Self-and informant-reported IADLs. A significant difference across groups was also observed for self-reported IADLs as assessed by the IADL-C, H(2) ϭ 7.36, p ϭ .025. PD-MCI participants self-reported significantly more difficulties in performing IADLs compared to PD-CN (U ϭ 96, z ϭ Ϫ2.14, p ϭ .032, r ϭ .35) and controls (U ϭ 168, z ϭ Ϫ2.66, p ϭ .008, r ϭ .35). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Similarly, informant-reported IADLs differed between groups, H(2) ϭ 18.07, p Ͻ .001, with PD-MCI informants reporting significantly poorer performances on IADL tasks compared to PD-CN (U ϭ 65, z ϭ Ϫ2.88, p Ͻ .001, r ϭ .49) and controls (U ϭ 111, z ϭ Ϫ3.92, p Ͻ .001, r ϭ .52). No significant differences were observed between controls and PD-CN on self-reported (U ϭ 442, p ϭ .777) or informant-report IADLs (U ϭ 276, p ϭ .055). Activities requiring physical capacity. A significant difference between groups was also observed for self-reported physical function H(2) ϭ 8.63, p ϭ .013. PD-MCI participants self-reported significantly more health status interference and difficulty in performing tasks that required physical capability compared to PD-CN (U ϭ 81, z ϭ -2.38, p ϭ .017, r ϭ .39) and healthy controls (U ϭ 144, z ϭ -2.85, p ϭ .004, r ϭ .38). No significant difference was observed between healthy controls and PD-CN on the self-report measure of physical function (U ϭ 433, p ϭ .686).
Across all functional outcome measures, PD-MCI participants performed more poorly compared to healthy controls and PD-CN, the latter two groups did not differ from each other.
Correlates of Functional Outcomes
To examine the cognitive correlates of functional ability across the continuum of PD, the PD groups were combined for the correlational analyses. As seen in Table 4 , content memory correlated with all four functional outcomes for the PD group. Temporal order memory correlated with self-reported IADLs (r 2 ϭ .435, p ϭ .007). TUG performance correlated with activities of daily living that require physical capacity (r 2 ϭ Ϫ.725, p Ͻ .001). In the healthy control group, Six Activities Task performance correlated with content memory (r 2 ϭ Ϫ.487, p ϭ .001) and temporal order memory (r 2 ϭ .461, p ϭ .002). None of the other correlations were statistically significant.
Discussion
The current study examined functional abilities in PD-CN and PD-MCI using direct observation, self-and informant-reported IADLs, and self-reported basic activities of daily living that require physical capability. We also examined multiple memory processes (i.e., content, prospective, temporal order) and mobility correlates of everyday functioning in the full sample of nondemented PD participants. As hypothesized, the PD-MCI group demonstrated lower scores on all functional measures compared to the PD-CN and the healthy control groups. Furthermore, the PD-CN group did not differ from the healthy control group on any of the functional measures. These results indicate that IADL limitations are consistently apparent in PD-MCI across methods and measures. Additionally, cognitively intact PD participants' performances on functional measures was comparable to the healthy control group, which provides further support of the negative impact of cognitive deficits on functional abilities in PD.
To our knowledge, this is the first study to show that compared to PD-CN, PD-MCI is associated with poorer performance on directly observed IADLs completed in a naturalistic environment. On the naturalistic Six Activities Task, PD-MCI participants demonstrated significantly poorer performance compared to both PD-CN and healthy controls. This finding is consistent with prior research showing that participants with PD-MCI score lower on performance-based measures of everyday functioning administered in the laboratory, and also that PD-CN participants do not demonstrate deficits on such tasks (Martin et al., 2013; Pirogovsky et al., 2014) . This finding further extends prior research with PD-MCI by showing that errors in everyday activities can be observed in the context of a naturalistic, real-world environment.
Moreover, in the current study we found that PD-MCI participants and their informants reported significantly more limitations completing IADLs compared to PD-CN and healthy controls. This contrasts with a previous study that found that PD-MCI partici- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
pants did not differ from PD-CN participants on informant-rated IADLs (Pirogovsky et al., 2014) . It is possible that the inconsistency between studies is due to the use of different IADL measures. Pirogovsky and colleagues (2014) used Lawton and Brody's IADL questionnaire, but noted that very few informants reported any decline in the PD-MCI participants. The IADL-C used in the current study was specifically developed to be sensitive to early changes in functional decline (Schmitter-Edgecombe et al., 2014) , and therefore may have detected subtler difficulties with completing IADLs evident in PD-MCI. Of note, PD-MCI participants also self-reported more IADL difficulties compared to healthy controls, suggesting relatively intact insight into the difficulties they are experiencing. Given that previous research has shown no correlation between performance-based IADL measures and global cognitive functioning or neuropsychological domains in nondemented PD (Pirogovsky et al., 2013 (Pirogovsky et al., , 2014 , our second aim was to investigate the association between multiple memory processes and functional abilities in PD participants without dementia. Among PD participants, self-reported, informant-reported, and directly observed IADLs (i.e., Six Activities Task) were significantly correlated with content memory, whereas temporal order memory only correlated with self-reported IADLs. The association between temporal order memory and IADLs is consistent with prior research that has found a correlation with self-and informant-reported everyday memory abilities in cognitively intact PD (McAlister & Schmitter-Edgecombe, 2016) , as well as reported and observed IADLs in communitydwelling older adults (Beaver & Schmitter-Edgecombe, 2017) . The reason for the association between temporal order memory and selfreported IADLs but not informant-reported or directly observed IADLs in the current study is unclear. In contrast, Six Activities Task performance correlated with both content and temporal order memory among the healthy controls, which is consistent with previous research with community-dwelling older adults; however, the lack of correlation with prospective memory is inconsistent with prior findings (Beaver & Schmitter-Edgecombe, 2017) . The lack of association between prospective memory and the functional status measures may be due to the smaller sample size in the current study. Overall, these findings indicate that multiple memory processes, particularly content but also temporal order memory, are related to IADL limitations in nondemented individuals with PD.
Assessing the contribution of both cognitive and physical limitations to everyday functioning in PD is important for understanding the disease course and for developing appropriate interventions. We found that participants with PD-MCI reported poorer physical capacity for everyday activities and also took significantly longer to complete a clinical measure of mobility (i.e., TUG) compared to PD-CN and healthy controls. This finding is consistent with prior research that has shown gait speed is associated with impaired basic ADLs in individuals with PD (Benge & Balsis, 2016) . Furthermore, Benge and Balsis also found that knowledgeable informants attributed ADL difficulties in PD participants to both cognitive and physical limitations; physical function was perceived as the most limiting for activities such as food preparation, setting the table, and household upkeep, and mobility, whereas, cognitive difficulties were more frequently attributed to medication management and responsibility for belongings. This previous finding may help contextualize the results from the current study. In the current study, the magnitude of the correlation between content memory and self-reported physical functioning (i.e., r 2 ϭ .576) was unexpected. However, it is possible that content memory deficits and mobility limitations in PD share a similar mechanism. Indeed, both episodic memory retrieval and motor dysfunction in PD have been linked to impaired dopaminergic activity stemming from degeneration of subcortical structures (Foerde & Shohamy, 2011; Jankovic, 2008; MacDonald et al., 2013) . Future research may examine the interaction between cognitive and physical factors contributing to functional limitations in PD.
Although this study extended previous research examining functional abilities in PD, several limitations need to be considered. First, a larger sample size would have allowed for the use of more powerful statistical procedures to parse out the individual contribution of cognitive variables associated with IADL limitations in the PD groups. Additionally, future studies with larger sample sizes could examine the association between various memory processes and specific areas of IADL limitations (e.g., medication management, finances, traveling) to develop a more nuanced understanding of functional abilities in PD. Second, the lack of longitudinal data precluded our ability to track cognitive and functional changes over time. Future longitudinal research will be important to potentially identify causal mechanisms and possible fluctuations in cognition over time. Another limitation is that participants were highly educated and almost entirely non-Hispanic White, which may limit the generalizability of findings to other populations. Moreover, compared to the controls and PC-CN group, there were more men in the PD-MCI group which may limit the extent that these findings generalize to other populations. Unfortunately, due to the relative small number of PD participants in each group, we were unable to match groups on sex.
The use of direct observation of IADL performance in a naturalistic environment was one of the unique contributions of the current study; however, being in an unfamiliar environment or knowing that they were being observed may have affected participants' task performance. Furthermore, it is possible that individuals with MCI perform more poorly in unfamiliar environments, whereas their ability to perform activities in their own home may be better. In-home testing may be a viable option to more accurately assess everyday functioning in future studies, particularly in individuals with cognitive impairment who may rely more on compensatory strategies and environmental cues in their homes. Finally, PD disease staging information was not available for the participants in the current study, which limited our ability to characterize level of disease progression. It is possible that individuals with PD-MCI may experience greater functional impairment because of more advanced disease stage. Indeed, the PD-MCI group did have a longer average disease duration compared to the PD-CN group. Of note, two previous studies found no association between Unified Parkinson's disease Rating Scale scores and performance-based IADL measures in PD-MCI (Pirogovsky et al., 2013 (Pirogovsky et al., , 2014 . Nonetheless, including a measure of disease stage in future studies would certainly be useful for characterizing participants.
In the current study we examined functional abilities in PD using self-reported, informant-reported, and directly observed IADLs. Our results indicated that the ability to complete everyday IADLs is reduced in PD-MCI compared to PD-CN and healthy controls. We also found that poorer ability to recall content and This document is copyrighted by the American Psychological Association or one of its allied publishers.
temporally sequence information were associated with reduced functional abilities for IADLs. In addition, our results revealed a strong correlation between performance on a clinical measure of mobility and everyday activities that heavily rely on physical functioning. Together these results show that functional limitations are evident in PD-MCI and suggest a differential influence of cognitive and physical abilities. The findings highlight the importance of assessing cognitive and noncognitive (i.e., motor function) factors in PD and accounting for both when developing interventions to support functional independence.
